The New Procedures for Diverge, Merge, and Small Weaving Segments in the New Version of German Highway Capacity Manual (HBS 2015)  by Wu, Ning & Lemke, Kerstin
doi: 10.1016/j.trpro.2016.06.031 
 
The new Procedures for Diverge, Merge, and Small 
Weaving Segments in the new Version of German 
Highway Capacity Manual (HBS 2015) 
Ning Wu1 and Kerstin Lemke2 
1Institute for Traffic Engineering and Management, Ruhr University Bochum, Germany  
2Federal Highway Research Institute (BASt), Bergisch Gladbach, Germany 
ning.wu@rub.de, Lemke@bast.de 
 
 
 
Abstract 
The chapter for diverge, merge, and small weaving segments in the new German Highway Capacity 
Manual (HBS, edition 2015) is rewritten in accordance with forthcoming developments in the past 10 
years. In this paper, an overview of the chapter in HBS 2015 is presented. Differences between the 
first edition 2001 and the new edition of the chapter in the German Highway Capacity Manual are 
indicated and discussed. In addition, the results of two cases which are not yet included in HBS 2015 
are presented. 
 
Keywords: Capacity, Merge, Diverge, Small Weaving Segment, Level of Service Concepts 
1 Introduction 
The first edition of German Highway Capacity Manual (HBS) was published in 2001 (FGSV, 
2001). Now, a new edition was published in 2015 (FGSV, 2015). For the new German Highway 
Capacity Manual, most major chapters were revised and some of them were totally rewritten. 
The joint chapter for diverge, merge, and small weaving segments (not longer than 500m) is a new 
development in accordance with forthcoming research works in the past 10 years. An overview of the 
chapter in HBS 2015 is presented in this paper. Procedures dealing with performance analyses and 
Level of Service (LOS) of those segments are introduced both for freeways and rural highways. 
Differences between the former HBS 2001 and HBS 2015 are indicated and discussed. 
In most of the existing highway capacity manuals, LOS of diverge, merge, and small weaving 
segments is traditionally defined by speed, volume, or density in critical areas (FGSV, 2001; TRB, 
2000, 2010). In that traditional concept, several capacity values of different critical areas (diverge, 
merge, and weaving) as well as upstream and downstream major-road segments within the influence 
areas are evaluated separately. In HBS 2015, a new model which considers the total diverge, merge, 
and weaving segment as an entire object is incorporated. A combined volume-to-capacity ratio 
(freeways) or a combined density (rural highways) is used for defining the LOS of the total segment. 
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The parameters of the new procedure are functions of the number of lanes of the major road, the 
number of lanes in the on-ramp or off-ramp, and the predefined geometric design of those segments. 
The model parameters are calibrated with field data or defined by experts’ experiences within a set of 
coefficients. With those procedures, the traffic quality (LOS) can be obtained directly as a function of 
the volumes or densities on the major road and on the on-ramp or off-ramp respectively. The new 
procedure has the following advantages: a) a uniform function for all types of diverge, merge, and 
small weaving segments, b) traffic quality assessment for all critical areas under investigation in one 
step, and c) the procedure can easily be calibrated. For applications in practice, a set of monographs is 
provided. 
The paper is organized as follows. In the following section 2, the chapter dealing with diverge, 
merge, and small weaving segments on freeways is presented. In this chapter, a short description of 
the embedded new model is given. In section 3, the chapter dealing with diverge, merge, and small 
weaving segments on rural highways is presented. In section 4, two additional cases for diverge and 
merge on 4 lanes carriageways are investigated according to additional data collected. Finally, a 
summary and outlook is given in the concluding section 5.  
2 The Chapter for Diverge, Merge, and Small Waving 
Segments on Freeways in HBS 2015 
In HBS 2015, LOS on freeways is defined according the volume-to-capacity ratio. This applies 
both for basic freeways segments and for diverge, merge, and small weaving segments. The definition 
of LOS is given in Table 1. 
 
LOS volume-to-capacity ratio  
x [-] 
A d 0,30 
B d 0,55 
C d 0,75 
D   d 0,901) 
E d 1,00 
F > 1,00 
                      1) 0,92 for on-ramp types  E 1 and E 2 with ramp-metering 
Table 1: Volume-to capacity thresholds for defining LOS of freeways in HBS 2015 
2.1 The new LOS Model of Combined Volume-to-Capacity Ratio for 
Diverge, Merge, and Small Waving Segments on Freeways 
 
 
Figure 1: Volume-to-capacity ratios in different areas of on-ramp, off-ramp, and weaving segments 
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In the traditional concept of LOS, several capacity values of different critical areas (diverge, 
merge, and weaving) as well as upstream and downstream basic road segments within the influence 
areas are evaluated separately. In HBS 2015, a new model (Wu and Lemke, 2011) which considers the 
total diverge, merge, and weaving segment as an entire object is incorporated. For a better 
understanding of this paper, a short introduction of the model is given in the following. 
In general, at a diverge or merge point the volume-to-capacity ratio has to be the same on both sides 
of the diverge or merge point (Wu, 1997). Thus, the following equation holds for the case that the 
traffic volumes are equally distributed on all freeway segments and ramps under consideration (cf. 
Figure 1): 
        
111 c
M
b
HO
a
E xxx     and  222 bHUaAcD xxx   (1) 
with   xXX = qXX/CXX 
  =  volume-to-capacity ratio of the corresponding cross-section XX 
 qXX, CXX = volume and capacity of the corresponding cross-section XX, pc/h 
 HO, HU = index for the upstream and downstream major freeway  
 E, A = index for the on-ramp (entrance) and off-ramp (exit)  
 M, D = index for the total merge (or weaving) and diverge segment 
The parameters a1, b1, c1, and a2, b2, c2 can be calibrated against field data. 
 
Normally, the values of the model parameters a, b, c are different and they are dependent on 
geometrical configurations of the corresponding legs (major freeway, on-ramp, or off-ramp) of the 
segment under investigation. As an approximation and simplification, a = b = c is introduced. This 
simplification is not critical for practical applications because the resulting deviations for the 
capacities of the diverge and merge area are quite small. Thus,  
      aHO
a
E
a
M xxx    and  aHUaAaD xxx   (2) 
At capacity with xM = 1and xD = 1, is 
              1  aHOaEaM xxx  or a aHOE xx  1  and 1  aHUaAaD xxx  or a aHUA xx  1  (3) 
With x = q/C, this corresponds to (cf. Figure 5, left) 
              a
a
HO
HO
EE C
qCq ¸¸¹
·
¨¨©
§ 1max,    and  a
a
HU
HU
AA C
qCq ¸¸¹
·
¨¨©
§ 1max,  (4) 
The parameters CA, CE, CHO, and CHU are the capacities of the off-ramp, the on-ramp, the upstream 
major freeway, and the downstream major freeway.  
Varying the model parameter a, the function can be fitted to the existing lineal capacity models 
(e.g. Brilon, Westphal, 1994; FGSV, 2001) in the diverge or merge area for different types of weaving 
segments (see Figure 5, left, an example for an on-ramp). As can be seen, the total capacity of on-
ramps and small weaving segments, qE,max (or qA,max for off-ramps) are limited by the capacities CE (or 
CA for off-ramps) and CHO (or CHU for off-ramps) and the capacities according to the lineal models in 
the merge area CM* (or capacities in the diverge area CD* for off-ramps). Normally, the value of the 
model parameter a depends on the number of lanes on major freeways and the number of lanes on on-
ramps (or off-ramps). For a small weaving segment, the value of the model parameter a depends also 
on the volume qA in the following off-ramp. In addition, the model parameter a depends on the length 
L of the acceleration (or deceleration / weaving area). However, for freeway diverge, merge, and small 
weaving segments with a standard design, the length L can be considered as a constant and it can be 
considered implicitly in parameter a. Furthermore, in HBS 2015, only a default departing volume qA is 
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considered for small weaving segments and therefore small weaving areas can be actually considered 
as on-ramps (entrances) as simplification. Thus, the model parameter a depends actually only on the 
geometrical configuration, that is, on the predefined type of merge, diverge, and small segments. 
 
 
Figure 2: left: calibration of parameter a;   
  right: illustration of LOS for a merge segment according to the new model 
If the volume-to-capacity ratios on the major freeway (xHO and xHU) and on the ramps (xE and xA) 
are given, the combined volume-to-capacity ratio of the total merge or diverge (including small 
weaving) segment (here xM and xD) can be directly calculated as follows. 
 a aHO
a
EM xxx    and  q aHUaAD xxx   (5) 
The combined LOS of the total merge or diverge segment can be then obtained according to the 
predefined x-value of LOS (Table 1). 
If the service volume-to-capacity ratio for the merge or diverge segment is predefined (xM,LOS and 
xD,LOS), the allowed volume-to-capacity ratios on the major freeway (xHO and xHO) and on the on-ramp 
or off-ramp (xE and xA) can be calculated from the following equations. 
     a
a
LOSMHO
HO
LOSMELOSE
xC
q
xCq ¸¸¹
·
¨¨©
§
 ,,,
1   and  a
a
LOSDHU
HU
LOSDALOSA
xC
q
xCq ¸¸¹
·
¨¨©
§
 ,,,
1  (6) 
With these functions, the traffic quality (LOS) for different values of qHO and qE (or qHU and qA 
respectively) can be obtained directly. The right side picture in Figure 2 shows a typical shape of the 
new function for an on-ramp segment. It can be clearly seen, that at qHO = 0 and at qE = 0 the traffic 
quality of the on-ramp and the traffic quality of the major freeway are decisive for the total segment. 
This model is incorporated into HBS 2015. Compared to the model in the previous HBS 2001, the 
new model in HBS 2015 has the following advantages: a) a uniform function for all types of freeway 
merge, diverge, and weaving segments, b) traffic quality assessment for three critical areas in one step 
(on-ramp / off-ramp, major freeway upstream / downstream, merge / diverge / weaving maneuver 
area), c) all boundary conditions satisfied, and d) easy calibration. 
Based on the data of HBS 2001 and some recent investigations (Brilon and Betz, 2008; Weiser et 
al., 2006; Friedrich et al, 2006 and 2008), the new model was calibrated. Using the new model 
monographs for all types of merge, diverge, and weaving segments of the current German design 
guidelines RAA (FGSV, 2008) are constructed in HBS 2015.  
CHO 
CE 
cRA 
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CE 
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2.2 Parameters Used in the Chapter in HBS 2015 
In HBS 2015, parameters for all types of diverge, merge, and weaving segments of the current 
German design guidelines RAA (FGSV, 2008) are given for producing monographs using eq.(6). 
These parameters can also be used for calculating the combined volume-to-capacity ratio using eq.(5).  
It is to be noted, that the unit used in this chapter is passenger car per hour (pc/h) for vehicle 
volume and capacity. Thus, all vehicular volumes are required to be transformed in to pc/h. For heavy 
vehicles, a passenger-car equivalent PCE of EHV = 2 pc/truck is used. For upgrade loop-ramps, the 
value is risen to EHV = 2.5 pc/truck. 
The types of considered diverge, merge, and small weaving segments are depicted in Figure 3 and 
Figure 4. 
 
  
Figure 3: Diverge Segments (off-ramps) on freeways in HBS 2015 according to FGSV (2008) 
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Figure 4: Merge segments (on-ramps) and small weaning segments freeways in HBS 2015  
 according to FGSV (2008) 
The parameters used are shown in Table 2 and Table 3. Using this model of combined volume-to-
capacity ratio monographs for all types of merge, diverge, and small weaving segments of the current 
German design guidelines RAA (FGSV, 2008) are constructed in HBS 2015. In Figure 5, two 
examples of those monographs are illustrated for the on-ramp type E 1-2 and the off-ramp type A 1-2.  
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Type a 
[-] 
CA 
[pc/h] 
CHU 
[pc/h] 
A 1-2 1,9 1800 4000 
A 1-3 1,9 1800 5800 
A 2-2 1,2 3060 4000 
A 2-3 1,4 3060 5800 
A 3-2 1,1 3600 4000 
A 3-3 1,3 3600 5800 
A 4-2/A 5-2 1,9 3600 4000 
A 4-3/A 5-3 2,5 3600 5800 
A 6-2 2,7 2000 4000 
A 6-3 4,0 2000 5800 
A 7-2 2,0 3060 4000 
A 7-3 2,9 3060 5800 
A 8-2 6,0 3600 4000 
AR 1-1 1,2 1800 2000 
Table 2: Parameters for diverge segments (off-ramps) in HBS 2015 
 
Type a 
[-] 
CE 
[pc/h] 
CHO or CVO 
[pc/h] 
E 1-2 / E 2-2 1,5 1800 4000 
E 1-3 / E 2-3 2,1 1800 5800 
E 3-2 2,7 2000 4000 
E 3-3 3,8 2000 5800 
E 4-2 1,05 3600 4000 
E 4-3 1,3 3600 5800 
E 5-2 1,8 3800 4000 
E 5-3 2,4 3800 5800 
ER 1-1 1,2 1800 2000 
VR 1-1 1,4 1800 2000 
V 1-2 1,5 1800 4000 
Table 3: Parameters for merge segments (on-ramps) and small weaving segments in HBS 2015 
 
 
Figure 5: Examples of monographs: on-ramp type E 1-2 / E2-2; off-ramp type A 1-2  
 (Translation: Typ = Type; Pkw-E, PE = pc) 
Because the upstream and downstream freeways may have different capacities depending what 
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those freeway capacities can be less than the capacities calculated in this chapter (cf. the areas with 
dotted line in Figure 5). Thus, the upstream or downstream freeway cross-sections have to be 
examined against the corresponding freeways capacities. The capacities of basic freeway segments in 
HBS 2015 are given in Table 4. 
 
No. of lanes 
each direction 
Grade s 
Capacity C [veh/h] 
Long distance freeways Metropolitan traffic freeways 
Percent of trucks bHV Percent of trucks  bHV 
≤ 5 % 10 % 20 % 30 % ≤ 5 % 10 % 20 % 30 % 
2 
3 % 3600 3500 3300 3100 3800 3700 3500 3300 
4 % 3400 3300 3100 2900 3600 3500 3300 3100 
5 % 3100 3000 2800 2600 3300 3200 3000 2800 
3 
 
3 % 5200 5100 4800 4500 5600 5400 5100 4800 
4 % 4900 4800 4500 4200 5300 5100 4800 4500 
5 % 4500 4400 4100 3800 4900 4700 4400 4100 
4 
3 % 7100 6900 6500 6100 7600 7400 6900 6400 
4 % 6800 6600 6200 5800 7300 7100 6600 6100 
5 % 6200 6000 5600 5200 6700 6500 6000 5500 
2+ hard shoulder 
running 
3 % 4600 4500 4300 4100 5100 4900 4600 4300 
4 % 4400 4300 4100 3900 4900 4700 4400 4100 
5 % 4100 4000 3800 3600 4600 4400 4100 3800 
3+ hard shoulder 
running 
3 % 6200 6100 5800 5500 6900 6700 6300 5900 
4 % 5900 5800 5500 5200 6600 6400 6000 5600 
5 % 5500 5400 5100 4800 6200 6000 5600 5200 
Table 4: Capacities of basic freeway segments in HBS 2015 
3 The Chapter in HBS 2015 for Diverge, Merge, and Small 
Weaving Segments on Rural Highways 
In HBS 2015, LOS on rural highways is defined according the traffic density k. This applies also 
for merge, diverge and small weaving segments. The definition of LOS is given in Table 5. While for 
single carriageway roads (two-lane and two+one-lane roads(RQ 15,5)) the density per lane ln is 
considered, on short sections of dual carriageway roads (RQ 21) in the rural road network the density 
applies to the entire carriageway (2 lanes). 
 
 
LOS 
single carriageway 
2 or 3 lanes 
dual carriageway 
4 lanes 
Density kln,LOS [veh/km/ln] Density kLOS [veh/km/ln] 
A  d  3 d  9 
B d  6 d 18 
C d 10 d 30 
D d 15 d 40 
E d 20 d 48 
F > 20 > 48 
Table 5: Density thresholds for defining LOS of rural highways in HBS 2015 
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All types of applicable merge, diverge, and small weaving segments on rural highways are 
illustrated in Figure 6 and Figure 7. 
 
 
Figure 6: Diverge segments (off-ramps) on rural highways in HBS 2015  
 (RQ 15,5 = 2+1 cross section, RQ 21 = dual carriageway according to FGSV (2012)) 
 
   
Figure 7: Merge segments (on-ramps) and small weaving segments on rural highways in HBS 2015  
 (RQ 15,5 = 2+1 cross section, RQ 21 = dual carriageway according to FGSV (2012)) 
If the density of the upstream (or downstream) major road and of the on-ramp (or off-ramp) are 
known, the density of the total merge (or diverge) segment is also known. In general, one of the LOS 
of the on-ramp (off-ramp respectively) and of the merge (diverge respectively) area is decisive. Thus, 
the LOS of the total merge and diverge segment can be written as follows. 
 ®¯­  
  
)(
)(
max *
OEM
EE
M kkfLOS
kfLOS
LOS   and   ®¯­  
  
)(
)(
max *
UAD
AA
D kkfLOS
kfLOS
LOS  (7) 
with   kY = density of the corresponding cross-section Y, veh/km 
 O, U = index for the upstream and downstream major road 
 E, A = index for the on-ramp (entrance) and off-ramp (exit)  
 M, D = index for the total merge (or weaving) and diverge segment 
 M*, D* = index for the merge (or weaving) and diverge area 
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The equation for producing monographs is 
 °¯
°®
­  *
,
*
,
, min
LOSA
ULOSU
LOSA k
kk
k   and   °¯
°®­  *
,
*
,
, min
LOSE
OLOSO
LOSE k
kkk    (8) 
The parameters in eq. (8) are given in Table 6 and Table 7 in combination with Table 5.  
 
Type 
Downstream major road  
kU,LOS* 
Exiting stream  
kA,LOS* 
A 1-1 kln,LOS kln,LOS 
A 1-2 RQ 15,5 kln,LOS ∙ 2 kln,LOS 
A 1-2 RQ 21 kLOS kln,LOS 
Table 6: Density parameters for diverge segments (off-ramps) on rural highways in HBS 2015 according to 
       Table 5 
 
Typ 
Upstream major road  
kO,LOS* 
Entering stream  
kE,LOS* 
E 1-1 kln,LOS  kln,LOS 
E 1-2 RQ 15,5 kln,LOS ∙ 2 kln,LOS 
E 1-2 RQ 21 kLOS kln,LOS 
V 1-1 kln,LOS kln,LOS 
V 1-2 RQ 15,5 kln,LOS · 2 kln,LOS 
V 1-2 RQ 21 kLOS kln,LOS 
Table 7: Density parameters for merge segments (on-ramps) and small weaving segments on rural highways 
       in HBS 2015 according to Table 5 
 
Monographs for all types of diverge, merge, and weaving segments of the current German design 
guidelines for rural roads RAL (FGSV, 2012) are constructed in HBS 2015. In Figure 8 two examples 
of those monographs are illustrated for the on-ramp types E 1-1 and E 1-2 RQ15.5.  
 
Figure 8: Examples on-ramp types E 1-1 and E 1-2 RQ15.5 on rural highways  
 (Translation: Typ = Type; Kfz  = veh) 
0
5
10
15
20
25
0 5 10 15 20 25
k E
[K
fz
/k
m
]
kO [Kfz/km]
C 
E
F
D
B
A
kE
kO kU
Typ E 1-1 nO = 1
0
5
10
15
20
25
0 10 20 30 40 50
k E
[K
fz
/k
m
]
kO [Kfz/km]
B
A
C 
E
F
D
Typ E 1-2  RQ 15,5              
kO kU
 = 2nO
kE
Procedures for Diverge, Merge, and Small Weaving Segments in the HBS 2015 N. Wu and K. Lemke
375
  
4 Two new Cases for Merge and Diverge Segments on 4 Lane 
Carriageways 
In HBS 2015 no on-ramps or off-ramps are defined for freeways with four directional lanes. 
Fortunately, Brilon et al. (2007) also investigated the on-ramp type E 1-4 and the off-ramp type A 1-4 
(see Figure 9). Thus, the parameter a for the on-ramp type E 1-4 and the off-ramp type A 1-4 can be 
calibrated (cf. Figure 1, left) to the measured capacities CM* (for E 1-4, merge area) and CD* (for A 1-
4, diverge area) in Brilon et al. (2007). The corresponding monographs for the two additional ramp 
segments can be obtained (Table 1 and Figure 10) either.  
 
 
     
Figure 9: On-ramp type E 1-4 and off-ramp type A 1-4 on freeways  
Type a 
[-] 
CE  or CA 
[pc/h] 
CHO or CHU  
[pc/h] 
A 1-4 2.2 1800 8000 
E 1-4 / E 2-4 2,1 1800 8000 
Table 8: Parameters for on-ramp E 1-4 and off-ramp A 1-4 on freeways 
 
Figure 10: Monographs for on-ramp E 1-4 and off-ramp A 1-4 on freeways (Translation: Pkw-E, PE = pc) 
The results of the on-ramp type E 1-4 applies also to the on-ramp type E 2-4. 
5 Summary and Outlook 
In the new German Highway Capacity Manual (HBS) (FGSV, 2015), the chapters for diverge, 
merge, and small weaving segments is rewritten in accordance with forthcoming developments in the 
past 10 years. In this paper, an overview of the chapters for diverge, merge, and small weaving 
segments on freeways and rural highways in HBS 2015 is presented. Procedures dealing with 
performance analyses and level of service (LOS) of those segments are introduced both for freeways 
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and rural highways. Differences between the former version and the new version of the chapter in 
HBS are indicated and discussed. In addition, two additional cases for merge and diverge segments on 
4 lanes carriageways which are not yet included in HBS 2015 are investigated according to available 
data. For the two new cases, calibrated parameters and monographs are provided for the further 
development of HBS.  
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